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RESEARCH MEMORANDUM 


ROCKET-POWERED-MODEL INVESTIGATION ОЁ THE HINGE-MOMENT 
AND NOBMAL-FORCE CHARACTERISTICS OF A HALF-DIAMOND 
TIP CONTROL ON A 609 SWEPTBACK DIAMOND WING 
BETWEEN MACH NUMBERS OF 0.5 AND 1.3 


By James D. Church 
SUMMARY 


А free-flight investigation has been conducted to determine normal- 
force and hinge-moment characteristics of a half-diamond tip control on 
a, diamond wing having 60° sweptback leading edges and 40° sweptforward 
trailing edges through a range of Mach numbers of 0.5 to 1.5. Results 
indicate that the control could be so hinged that very small hinge- 
moments due to control deflection would be obtained at low angles of 
attack over the speed range tested, although nonlinear variations of 
hinge moment with angle of attack were present in the transonic range. 


The center of pressure of the control-deflection forces had subsonic 
and supersonic locations of about 35 and ЛО to 45 percent control mean 
aerodynamic chord, respectively, with angle of attack affecting only the 
lower supersonic region. The center of pressure of the control forces 
due to model angle of attack had mean subsonic and supersonic locations 
of about 51 and 41 percent chord. © 


Control normal force per unit deflection was roughly half as large 
as control normal force per unit angle of attack. At supersonic speeds 
only 10 to 30 percent of the total normal force developed by control 
deflection was induced on the wing-model combination. 


A comparison of control-wing plan forms showed that a half-diamond _ 
shape had more control normal force per unit angle of attack and a tore 
forward center of pressure of the control-deflection force than a hatf- 
delta shape over the speed range investigated. 
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INTRODUCTION 


Recent evaluation of the results from numerous research investiga- 
tions of various control devices (ref. 1) indicates the desirability of 
further study of tip controls. In order to obtain more data on the 
force and moment characteristics of & previously tested control of this 
type (ref. 2), ап investigation was conducted through the use of а 
rocket-powered model incorporating 609 sweptback diamond wings having 
30° sweptforward trailing edges with half-diamond tip elevators of 
matching plan form. 


Control hinge moments were continuously measured about two hinge- 
line locations on one model at various angles of attack (ranging from +3° 
to +140) and control deflections (up to +150) between Mach numbers 0.50 
and 1.50. The magnitude and chordwise position of control normal force 
were determined as separate functions of angle of attack апа control 
deflection by using faired hinge-moment coefficients. 


Lift effectiveness data for the controls and the entire model were 
also obtained. These results are presented herein апа compared with 
other rocket-powered-model data. 


SYMBOLS | 
b wing span, 2.252 ft 
c wing mean aerodynamic chord, 1.725 fi 
Gr control root chord, 0.625 ft 
UN control mean aerodynamic chord, 0.417 ft 
S total wing area in one plane, 2.909 sq ft 
Ss area of one control surface, 0.0850 8q ft | 
Š control-surface deflection (trailing edge down, positive), deg 
а angle of attack at model center of gravity, deg | 
A wing aspect ratio, Be 1.743 
M Mach number | 
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V free-stream velocity, ft/sec 
q dynamic pressure, lb/sq ft 
R Reynolds number (based on ©) 
an model normal acceleration, & units 
g acceleration due to gravity, 22.2 ft/sec/sec 
H hinge moment of one control about hinge line, in-lb 
H 
Ch control hinge-moment coefficient, / == 
Sata 
CN totel normal-force coefficient, Normal force on model олсе on model . 
qi 
(CN). control normal-force coefficient, domua) fores on control surtace 
Ia 
C.P.g chordwise center-of-pressure location of the control force due 
to control deflection, percent с. 
е.р.с chordwise center-of-pressure location of the control force due 
to angle of attack, percent с„ 
ӘС, 
^6 35 
3C 
Te a 
Cw. = CN s 
Š 28, 
OC 
ON. = N 
бє xod. 
me (CN) a 
Sa 38 
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Oa, 
Subscripts: " 
1 refers to control with hinge line at 0О.5075сд 
2 refers to control with hinge line at 0.556lcg 


MODEL AND INSTRUMENTATION 


The hinge-moment research model used in this investigation consisted 
of a cylindrical body, with ogival nose and tail sections, equipped with 
а cruciform arrangment of aspect-ratio-1.74 diamond wings. These wings 
had 60° sweptback leading edges and 30° sweptforward trailing edges. А 
drawing of the model showing overall dimensions is presented in figure 1 
and photographs of the model are shown in figure 2. 


The wing panels in one plane were equipped with half-diamond tip 
controls, the ratio of total control area to total exposed wing area 
in one plane (including control area) being 1/9.4. The magnesium-alloy : 
wing panels had a modified hexagonal airfoil section of constant maxi- 
mum thickness, the maximum-thickness ratio of which varied from 2.94 per- 
cent at the wing-body junction to 9.05 percent at the parting line of з 
the wing and tip control. Тһе tip controls, fastened to the outboard 
ends of torque rods, had double-wedge airfoil sections modified by a 
rounded leading edge with a constant ratio of maximum thickness to 
chord of 3 percent. One control was hinged at 0.5073c_ (0.586064) and 
the other control was hinged at 0.5561ca (0.159284); the hinge lines 
were located within the wing such that the wing-control combinations 
formed continuous plan forms. The controls were of solid steel con- 
struction and the parting line gap was 0.036 inch. Figure 3 shows the 
dimensions of the wing and tip controls. 


The model had an NACA telemetering system which transmitted the 
normal, transverse, and longitudinal acceleration, the static and total 
pressure, the deflection angle and hinge moments of each control, the 
angle of attack, and the rate of pitch. A control-position indicator 
and balances to measure control-hinge moments were constructed as inte- 
гал parts of а power unit mounted in the rear of the model wing section. 


In addition to this instrumentation, a radiosonde recorded &tmos- 
pheric data at all flight altitudes shortly after the flight. Flight- 
path data were obtained with a radar tracking unit and a CW Doppler radar : 
set was used to determine initial flight velocities. Photographic 
tracking was also employed to obtain visual records of the flight. 
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TECHNIQUE AND ACCURACY 


The technique employed in this investigation consisted of mechan- 
ically pulsing the controls as elevators throughout the flight so that 
their deflection varied sinusoidally with time. The pulsing frequency 
was varied from 4.7 cycles per second at a Mach number of 1.43 to 
1.4 cycles per second at a Mach number of 0.50 in an attempt to produce 
a nearly constant phase lag between the model pitching response and the 
control input. The control pulsing amplitude varied from £99 to +150 
because of varying deflections in the control linkage throughout the 
speed range. 


In addition to the aforementioned pitching oscillations, the response 
of the model involved small rolling and sideslip oscillations, the rolling 
motion being minimized by a built-in incremental difference in the 
deflection ranges of the two controls. The effects of these small 
oscillations (maximm angle of sideslip was approximately 1.1° at 
M = 0.70) are believed to be negligible upon the results. This technique 
allowed continuous measurements of hinge moments for each of the controls 
at various combinations of control deflection and angle of attack over 
the Mach number range of the investigation. 


From separate measurements of the variation of hinge moments with 
control deflection and angle of attack for each of the controls and a 
knowledge of the chordwise location of the hinge lines, the chordwise 
location and magnitude of the control normal forces (assumed independent 
of hinge-line location) were determined as independent functions of 
angle of attack and control deflection. А11 hinge-moment data were 
corrected for inertia effects of the control and control linkage caused 
by the pulsing motion. 


The following information has been tabulated to indicate possible 
errors in the basic measurements. 


Hinge monent, 10510 шоу ш Xe oc we 44e 49e жое жож Se ee wee ж ае & ж EEO 
Control deflection, deg . . soa . « « O E e te cn c os Gr а о EO.20 
Aisle oF аак Ges c u k X k Z з ж лов еа Me LS, eoe eos EOC OD 
Normal acceleration, g units . . . . . + +s s s s + < s c s n n o o $0.40 


These values аге representative of the maximum instrument error in 
evaluating isolated data. In computations involving differences (such 
as slope evaluation), possible errors in the component quantities can be 
considered to be roughly one-half as large as those indicated. 


The largest error introduced by considering one cycle of information 
to be at a constant Mach number was of the order of AM = 0.03. A more 
detailed description of the technique employed and the sources of error 
therein is given in references 3 and LN. 
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The test variations of Reynolds number and dynamic pressure with 
Mach number аге presented in figure h. А11 data were obtained in 
decelerated flight (Og to -5.0g). The small test-point scatter and out- 
of-trim component of the hinge-moment-coefficient data indicate that the 
probable repeatability error of these measurements would be much smaller 
than computed from the preceding table and figure }. 


RESULTS AND DISCUSSION 


Control Hinge Moments 


As previously stated, hinge moments were measured on two nominally 
identical control surfaces on & single model varying only in hinge-line 
location. (See fig. 5(b).) Simultaneous v&lues of the recorded angle 
of attack, control-surface deflection, and control hinge-moment coef- 
ficient for both controls at various Mach numbers аге presented in 
t&ble I. 


A sample plot of the basic data is shown in figure 5. The solid- 
line curve connecting the data points represents the measured hinge- 
moment-coefficient data, апа the straight lines (fig. 5(a)) which connect 
end points of equal angle of attack were constructed by assuming Cms 


to be constant with 5 at individual angles of attack so as to obtain 
some indication of the separate effects of o and б on control forces 
and hinge moments. Since this assumption could introduce considerable 
error, especially at the higher angles of attack and in the transonic . 
speed region, the results obtained should be considered mainly as trends. 
(See ref: 3.) Regardless of the fairing employed for any further analysis 
of the data, the important result is that all hinge moments measured 

were small over the speed range for the size control tested. 


Cross-plotting the faired Су intercepts at various deflections ав 
a function of angle of attack yields the constant-deflection curves of 
figure 5(b), and since this form of data presentation more readily 
illustrates the hinge-moment nonlinearities with respect to angle of 
attack, all data were plotted in this form. In this regard, the data 
can be plotted in any manner the reader desires by using table 1; this 
table contains all the measured points for М = 0.80 through М = 1.30 
and about 50 percent of the test points available for Mach numbers 
of 0.50, 0.60, and 0.70. (Some additional Mach numbers in the transonic 
region have been omitted.) 


Hinge-moment coefficients were determined for all combinations of 
angle of attack and control deflection within the data loops at each 
Mach number by linear interpolation between the curves of constant con- 
trol deflection. Similarly, reasonable extrapolation (about half the 
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data loop width in the Съ direction beyond the test points as shown in 
figure 5(b)) yielded values outside the data loops. Data obtained in 
such a manner are shown for several Mach numbers in figure 6. If the 
assumption of a linear Che is invalid, the shape of the curves in 


figure 6 would change, especially over the region of the dashed portions 
of these curves. Regardless of the extent of these nonlinearities, the 
order of magnitude of Ср at апу a and б would be substantially 
unchanged. 


Chg” The parameter Chg is indicated by the incremental displace- 


ment between the constant-deflection curves of figure 6 (identical to 
slope of constant-angle-of-attack lines of figure 5(a)), where negative 
values of Che indicate the control to be statically stable with deflec- 


tion, that is, the center of pressure of the deflection loading is behind 
the hinge line. For the forward hinge line (0.501304) , values of Che 


are positive at all angles of attack for M - 0.70 and negative for 
М = 0.95 and 1.10, angle of attack having the greatest effect at M = 0.95. 


The values of Съ are presented &s а function of Mach number in 


figure T for each of the test hinge lines at angles of attack of ОО and 3°. 
These values are relatively small at all speeds for both hinge lines. 

All the curves are seen to be rather constant at subsonic Mach numbers 
with an abrupt negative shift as Mach number increases from 0.90 to 0.95, 
the curves at angle of attack having a more negative shift in this region. 
It should be pointed out, however, that the rate of change of Cha with 


angle of attack was nonlinear in the region between a = ШО and a = -h?, 
particularly at transonic speeds. 


Съ. The reader can see the effects of amgle of attack on hinge 


moments in figure 6; in this figure, the slope of the constant-deflection 
curves for various control deflections indicates the parameter Chee 


Ihe variation of Ср, with angle of attack, for the forward hinge line, 


can be seen to be nearly constant up to values of a of +50 or ti? at 
M= 0.70 and 1.10 and was nonlinear over the entire measured angle-of- 
attack range for all deflections at M = 0.95. 


Values of Cy, are presented in figure 8 as & function of Mach 


number for each of the two test hinge lines. The values represent faired 
slopes near ас = О and incremental slopes over an angle-of~attack range 

of £3° and were obtained at zero control deflection. Although the curves 
have a similar variation with Mach number, the rearward hinge line retained 
& positive value at all speeds, whereas the forward hinge line had a 


NACA RM L54C10 


зз F (JR AE L уз. 
m oc ИШЕ 


positive Cho subsonically and a negative value at supersonic speeds. 
Thus, the variation of Che indicates that the center of pressure of 


the control angle-of-attack loading remained forward of the test hinge 
lines through the transonic range and then moved between the control 
pivot axes over the tested supersonic range. In general, increasing 

the o range to £4° resulted in a smoother variation of Che with Mach 


number. 


It should be noted that the variation of hinge-moment coefficient 
with either control deflection or angle of attack for hinge-line loca- 
tions other than those tested can be obtained by linear interpolation 
or extrapolation of the results presented in figures 7 and 8 at any 
constant Mach number. For purposes of further analysis, the hinge- 
moment-coefficient data were reduced to control-force data (determined 
from the assumed linear relationship between Ch or Chy and the 


chordwise hinge-line location) which are discussed in the subsequent 
section. 


CONTROL NORMAL FORCE 


The variations with Mach number of the control normal-force- 
coefficient slope and chordwise center-of-pressure location with respect 
to both angle of attack and control deflection are presented in figures 9 
and 10 between Mach numbers of 0.50 and 1.40. 


(CNS) +- The control normal-force-coefficient slope with control 


deflection evaluated at о = О is seen to vary smoothly over the Mach 
number range with a maximum value of 0.048 occurring at M = 0.95. 

(See fig. 9(a).) Other rocket test data (ref. 3) for а half-delta tip 
control indicate that this parameter was not materially affected by the 
difference in the two tested plan forms. Angle of attack affected (Cis). 


in two different ways. At supersonic speeds, a slight reduction in 
normal-force coefficient was measured for a = £29; however, in the 
subsonic region, a= -30 increased and с = 3° decreased (Cua)... 


(These effects were of the same order as the difference between the 
present test and ref. 5 for the entire speed range investigated.) 
C.p.p.- Variations with Mach number of the center of pressure of 


the control force resulting from control deflection are shown in fig- 
ure O(b) for reference 3 amd for the present test at angles of attack 
of O9, 3°, and -:9. The curve for a = О shows that c.p.s had а 
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basic subsonic position of about 25 percent mean aerodynamic chord (ča) 
that moved abruptly rearward about 5 to 55 percent between the Mach 


numbers of 0.87 to 0.98 and a supersonic location that increased from 
approximately hoe to 5k percent Ca. The principal effect of 


angie of attack was an irregular rearward shift of this variable at 
transonic and supersonic speeds. The difference in the amount of shift 
between the curves for а = 29 and а = -59 at subsonic speeds points 
out the apparent asymmetry mentioned previously. А comparison of the 
present test and reference 5 indicates the main difference in c.p.g 


was a forward shift (approximately 4 percent for М < 0.85 and T to 
5 percent for 1.00 < M < 1.30) for the half-diamond control with respect 
to the half-delta control. 


Since rather involved computations are necessary in the evaluation 
of the pressure distribution by linear theory for a control of the plan 
form tested, it was decided that only a very general comparison of 
theory with experiment was within the scope of the present paper. In 
this connection, if the controls are considered as isolated half-plan 
forms, the theories of references 5 and 6 prove of value in determining 
the validity of the trends shown in figure 9(b). In the subsonic range, 
the experimental difference between the two tested plan forms for а = 0 
is exactly opposite to that which is anticipated from low-aspect-ratio 
considerations (ref. 5); this fact indicates that the influence of the 
wing upon the flow over the control and the flow through the streamwise 
gap at the control root chord are of sufficient magnitude to reverse 
the trend of the theoretical prediction. At transonic and supersonic 
speeds, however, the experimental trend of the two plan forms is in 
good agreement with theory (see ref. 6); near М = 1.00, the forward 
C.P.g shift for the half-diamond control being caused by the region of 
low pressure occurring behind the shock wave stemming from the control 
tip and, ав the Mach number increases, the с.р.» approaches that of 
the half-delta surface because of the reduction of this region of low 
pressure as the shock moves toward the trailing edge. With regards to 
the effect of a = +50 on these results, it is quite conceivable theo- 
retically that at supersonic speeds the region of lifting pressure 
induced on the control by the wing could more than offset the region of 
pressure loss across the control apex shock and result in a rearward 
Caps shift for the half-diamond control compared with its a = O 
position. 


(Cy.)_-~ The slope of the control-normal-force-coefficient curve 
а, 


with angle of attack has been plotted against Mach number in figure 10(а). 
These values, obtained at 5 = О, were determined over the same angle-of- 
attack ranges as presented in figure 8. The test curves are smooth and 
show that values of this variable are at least twice as large as compar- 
able values of (Оң), with one curve for а, = ¿3° being approximately 


— 
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О.О1 higher than the curve for а = О at transonic and supersonic speeds 
(again illustrating the nonlinear nature of the angle-of-attack effects). 
A comparison of the results of the present test and reference 4 shows 
that although the controls have similar trends with Mach number, the 
half-diamond tip control had more angle-of-attack loading than the half 
delta tip control for a similar angle-of-attack range. 


C.p.q:- The chordwise location of the control normal force due to 


angle of attack is shown in figure 10(b) as a function of Mach number 
for the same angle-of-attack ranges as its counterpart (Cy,),. From 


а mean subsonic value of 31 percent бад, Sips for a approaching 
zero is seen to increase to a mean value of 41 percent Са at supersonic 
speeds; C.Deg, was 5 to h percent Са forward of c.p.s. The importance 


of the angle-of-attack range employed in evaluating c.p.g is illustrated 
by the 1 to 2 percent Cg change in this parameter over the Mach number 
range for a = +30, It is now apparent that the irregular variations 

of Ch, (fig. 8) and c.p. (а = +50) with Mach number are due almost 
entirely to variations in c.p.q. A subsonic rearward movement of с.р.„ 
represents the primary trend resulting from changing the control plan 
form (comparison of present test and ref. 3) from а half-delta to а 
half-diamond shape, the effect at other speeds being very irregular 


(maximum change at all speeds was of the order. of 25 percent Cals 


TOTAL NORMAL FORCE .. 


CN, and Cw&.- The slope of the model normal-force coefficient with 


respect to control deflection and angle of attack was determined from 
normal accelerations measured throughout the flight in the same manner 
as the hinge-moment slopes. Since the lines of constant angle of attack 
(similar to fig. 5(а)) were nearly parallel and equally spaced along the 
Cy axis, the values of Cy, and Cy, are independent of angle of 


attack and control deflection, respectively. These results are presented 
in figure 11(а) as a function of Mach number and are compared with the 
results from reference 3. The Cy, values of the present test (А = 1.74) 


are smaller than the differences in aspect ratio would lead one to expect 
and have a similar variation with Mach number as those for the delta-wing 
model of reference 5 (A = 2.35). The principal difference between Ск 


for the two tests was the higher subsonic values for the delta plan form. 


Control "carry over".- The Cy, curve (based on control area), which 


represents tbe total normal force developed by control deflection at а 


E 
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fixed angle of attack, includes the normal forces induced on the model 
and wing by control deflection as well as the loads carried directly on 
the control surface. Since (CNS) ۾‎ has been previously determined 


independently from the hinge-moment data (fig. 9(a)), a measure of the 
control carry-over loading (in percent) could be obtained and is presented 
in figure 11(Ъ). These values are much lower than linear theory would 
indicate and show the difference between tbe two plan forms to be а 
maximum of 15 percent near a Mach number of 0.70. 


CONCLUSIONS 


А free-flight investigation has been made with а rocket-powered model 
equipped with half-diamond. tip controls (hinge lines located &t 50.7 апа 
55.6 percent control root chords) опа 609 sweptback diamond wing having 
209 sweptforward trailing edges. The following conclusions are drawn 
from the results obtained between Mach numbers of 0.50 and 1.30: 


L. Control hinge moments, although very nonlinear in the transonic 
range, were relatively smsall throughout the speed range for all combi- 
nations of control deflection and angle of attack tested. 


2. The center of pressure of the control-deflection loading  c.p.g 
had a subsonic location of about 55 percent control mean aerodynamic 


chord Ca and a supersonic location that increased from Ok to ı5 per- 


cent Gg. The effect of ап angle-of-attack range of +50 was an irregular 
rearward shift in the supersonic value of c.p.s, the mean level of which 


was about H5 percent Са. 


3. The center of pressure of the control angle-of-&ttack loading 
C.p.g, near zero angle of attack, had mean locations of about 5l per- 


cent ¢, subsonically and hl percent cg at supersonic speeds for zero 
control deflection. An angle-of-attack range of t30 resulted in an 
irregular change in the variation of ¢.p.g over the entire speed range 
presented апа illustrated the nonlinear effect of the angle-of-attack 
range on C.D.q: 


+. Values of control normal force per unit angle of attack were 
roughly twice as large ав comparable values of control normal force per 
unit deflection. At supersonic speeds, TO to 90 percent of the total 
normal force developed by control deflection was carried on the control 
surfaces, the remaining lO to 50 percent being induced on the wing-model 
combination. 
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2. When а half-delta and a half-diamond tip control were compared, 
it was found that the half-diamond plan form produced more Lift per unit 
angle of attack and a more forward (5 percent ба) C.p. than the half- 
delta shape at all Mach numbers tested. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., March 1, 195). 
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TABLE Т. ~ EXPERIMENTAL ANGLE-OF~ATTACK, CONTROL-SURFACE-DEFLECTION, AND CONTROL-HINGE-MOMENT DATA 
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TABLE I.- EXPERIMENTAL ANGLE-OF-ATTACK, CONTROL-SURFACE-DEFLECTION, AND CONTROL-HINGE-MOMENT DATA — Continued 
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TABLE T.- EXPERIMENTAL ANGLE-OF-ATTACK, CONTROL-SURFACE-DEFLECTION, AND CONTROL-HINGE-MOMENT DATA ~ Continued 
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TABLE T.- EXPERIMENTAL ANGLE-OF-ATTACK, CONTROL-SURFACE-DEFLECTION, AND CONTROL-HIRGE-MOMENT DATA ~ Concluded 
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Angle-of-attack 6.91 diam, 
vane 


w k ME 


7.83 tube Model c.g. V 
Pivot axis 
Station O Sta, 57,91 Sta, 85,26 Sta. 112.77 


Model weight, 119.8) pounds 


Figure l.- General arrangement of the test vehicle. А1] dimensions 
are in inches unless otherwise noted. 
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(b) Three-quarter view. L-833))1 
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Figure 2.- Photographs of test vehicle, 
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(c) Launching, 


Figure 2.- Concluded. 
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(&) Details of wing. 


Figure 5.- Control wing geometry. А11. dimensions аге in inches unless S 
otherwise noted. 
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Leading= edge radius tapers 
from 0.06 inches at root chord 
chord to O at tip chord 


Section AA 


Hinge line 


Torque rod Í e370 diam, 


7.198 


Control 1; x = 3,691, n line at 0.5073 c, or 0.3860 c,) 
Control 2, x = 3.328 (hinge line at 0.5561 са or 0.4592 6.) 


(b) Details of controls, 


Figure 5.- Concluded. 
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Figure ¥.- Variation of Reynolds mmber and dynamic pressure with Mach 
number. Reynolds number is based on wing mean aerodynamic chord. 
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Figure 5.- Concluded. 
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Only the solid portions of the curves 
were used in determining the control 
derivatives, 
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Figure 6.- Illustrative variation of faired hinge-moment coefficient 
with angle of attack at several control deflections and three Mach 
numbers. Hinge line at 0.5073c,. 
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Figure {.- The change in control-hinge-moment coefficient with respect 
to control deflection as а function of Mach number for the two hinge- 


line locations. 
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Figure 8.- The change in control~hinge-moment coefficient with respect 
to angle of attack as a function of Mach number for the two hinge- 


line locations, 5 = 0. 
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(b) Chordwise center-of-pressure location in percent ĉa. 


Figure 9.- Mach number variation of the position апа magnitude of the 
control forces due to control deflection. 
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(a) Normal-force coefficient. 
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(b) Chordwise center-of-pressure location in percent G,. 


Figure 10.- Mach number variation of the position and magnitude of the 
control forces де to angle of atsack. б = 0. 
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(b) Control “carry over" in percent. 
Figure 11.- Model normal-force-coefficient slope with respect to angle 


of attack and control deflection and control "carry over" as func- 
tions of Mach number. 
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